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SUICIDE EXPRESSION VECTOR FOR VACCINE STRAINS 



Field of the Invention; 

The present invention relates to suicide expression vectors 
5 particularly for use in the production of microorganism vectors intended for 
environmental release. In a particular application of the invention, the 
expression vector is used in the prodviction of a bacterial vaccine bait for 
sterilisation of vermin species. 

10 Backgronnd of the Invention: 

There is a worldwide concern regarding the enviromnental release of 
genetically engineered microorganisms (GEMs) (Wilson & Lindow. 1993). 
Microorganisms harbour efficient mechanisms for horizontal gene transfer 
that enable them to adapt to environmental changes. Conjugation. 

15 transduction, transformation and retromobilization are the main 
mechanisms that contribute to the flux of genes within microbial 
communities (Veal et ah, 1992). 

In recent times, conditional suicide systems have been developed to 
address this problem, particularly for use in GEMs involved in 

20 bioremediation of contaminated soils and in waste treatment. These systems 
however, involve the use of inducible lytic systems which lyse the bacterial 
cell (e.g. Bej et. al, 1988). Such systems would not be applicable to live 
recombinant vaccines that use bacterial delivery vectors since they would 
lyse the bacterial cells prior to vaccination. For such vaccines to be 

25 successful in eliciting antigen-specific immune responses, they must be live. 
Early work has demonstrated that killed bacterial vectors are not as effective 
as live ones. Such recombinant vaccines if used in baits could pose the 
hazard of transferring the recombinant DNA to other organisms in the 
environment. 

30 In order to overcome this problem, the present inventors have 

developed a suicide expression vector system which results in the selective 
degradation of the recombinant expression vector DNA without destroying 
chromosomal DNA, prior to release of the microorganism vector into the 
environment. 



35 
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Disclosure of the invention: 

Thus, in a first aspect, the present invention })rovides a suicide 
expression vector for expressing a heterologous peptide, polypeptide or 
protein in a selected host cell, said vector, comprising; 

(i) a first nucleotide sequence encoding said heterologous peptide, 
polypeptide or protein operably linked to a first promoter sequence. 

(ii) a second nucleotide sequence encoding a restriction enzyme or 
functional portion thereof operably linked to a second promoter sequence, 
said second promoter sequence being inducible, and 

(iii) one or more cleavage site(s) for said restriction enzyjne or functional 
portion tliereof, said cleavage site(s) being absent from the chromosomal 
DNA of said host cell, 

vi^herein upon introduction of the vector into said host cell, induced 
expression of the restriction enzyme or functional portion thereof from said 
second nucleotide sequence brings about the cleavage of the suicide 
expression vector. 

The suicide expression vector according to the present invention may 
be transformed into a host cell, preferably a bacterial or yeast host cell, and 
used to produce a desired heterologous peptide, polypeptide or protein. 
Once sufficient expression of the heterologous peptide, polypeptide or 
protein has occurred, the transformed host cell may be induced to express 
the restriction enzyme or functional portion thereof thereby causing the 
cleavage and subsequent degradation of the expression vector. 

The host cell and the restriction enzyme/cleavage site(s) are selected 
so as to ensure that the expression of the restriction enzyme brings about the 
cleavage of the recombinant expression vector only, hi other words, the 
host cell and restriction enzyme/cleavage site(s) are selected so as to ensure 
that tlie host's DNA is not cleaved by the expressed restriction enzyme. 
Selection may be readily made by isolating host DNA from a test 
microorganism by known methods, subjecting the isolated host DNA to a 
candidate restriction enzyme under suitable conditions, and analysing the 
host DNA by. for example, gel electrophoresis for any cleavage. If no 
cleavage has occurred then this should indicate that the host DNA does not 
include a cleavage site for the candidate restriction enzyme. Preferably, the 
restriction enzyme is selected from those that recognise cleavage sites of ten 
or more nucleotides such as 1-Ppol, l-Ceul, Pl-Pspl, P1-T3/I and Pl-5cel. 
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' The first promoter sequence may be a constitutive promoter sequence 
but, more preferably, is an inducible promoter. However, the second 
promoter sequence must, as stated above, be an inducible promoter. 
Moreover, it is an important feature of the present invention that the second 
promoter sequence is not excessively "leaky" prior lo induction, since 
premature expression of the restriction enzyme or fmictional portion thereof 
may lead to the cleavage and subsequent degradation of the expression 
vector. 

Induction of the second promoter sequence may be achieved by 
providing an inducer molecule that interacts with a protein wliich represses 
ti'auscription. Examples of a promoter able to be induced in this manner are 
the p/acZ promoter, the placUVS promoter and the T7 RNA polymerase 
promoter. Other methods for inducing the inducible second promoter 
sequence may be through exposure to UV radiation or heat shock or 
environmental stress such as modulation of concentration of nutrients, 
oxygen, pH etc. However, preferably, the inducible second promoter 
sequence is induced through tlie expression of a peptide, polypeptide or 
protein required to initiate or othei-wise cause transcription from the second 
promoter sequence. In this manner of induction, expression of the peptide, 
polypeptide or protein required for transcription, is placed under the control 
of an inducible promoter such as those mentioned above. 

Thus, in preferred embodiments of the invention, the second promoter 
sequence is a promoter sequence which is unrecognised by the RNA 
polymerase(s) of the host cell, and the expression vector further comprises 
an additional nucleotide sequence encoding an RNA polymerase for the 
second promoter sequence operably linked to an inducible promoter. 

In a particularly preferred embodiment of the invention, the second 
promoter sequence is a T7 RNA polymerase promoter sequence which is 
unrecognised by the RNA polymerase of the host cell and the expression 
vector further comprises a nucleotide sequence encoding T7 RNA 
polymerase operably linked to an inducible promoter sequence such as the 
lacUVS promoter which is induced by isopropyl-p-thiogalactopyranoside 
(IPTG) (alternatively, the host cell includes on its cliromosome(s) or on a 
plasmid(s) a nucleotide sequence encoding T7 RNA polymerase operably 
linked to an inducible promoter sequence such as the placUVS promoter). 
However, since the p/acUV5 promoter is prone to "leakage", the expression 
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TCctor of this preferred embodiment may also comprise a nucleotide 
sequence encoding lysozyme expressibly, linked to a constitutive promoter 
sequence. Constitutive expression of the lysozyme will inhibit the "leaky" 
expression of T7 RNA polymerase and thereby prevents the premature 
5 expression of tlie restriction enzyme or functional portion thereof. 

As a "safeguard" against premature expression of the restriction 
enzyme or functional portion thereof, the expression vector preferably 
further comprises a nucleotide sequence encoding a ribozyme targetted 
against the niRNA produced from the nucleotide sec[uence encoding the 
10 restriction enzyme or fimctional portion thereof. The ribozyme encoding 
nucleotide sequence is operably linked to a constitutix^e or inducible 
promoter sequence. The ribozyme should be expressed such that it will be 
present to immediately cleave low "leakage" amounts of niRNA encoding the 
restriction enzyme or functional portion thereof. Induced expression of the 
15 restriction enzyme or functional portion thereof will overwhelm the 
cleavage activity of the ribozyme and thus result in the cleavage and 
subsequent degradation of the expression vector. 

In a second aspect, the present invention provides a host cell 
transformed with a suicide expression vector according to the first aspect. 
20 In a third aspect, the present invention provides a method of 

expressing a heterologous peptide, polypeptide or protein in a selected host 
cell, comprising; 

(i) transforming said host cell with a suicide expression vector according to 
the first aspect, 

25 (ii) culturing said transformed host cell under suitable conditions for the 
expression of the said heterologous peptide, polypeptide or protein, and 
(iii) thereafter inducing expression of the restriction enzyme or functional 
portion thereof to bring about cleavage of the said svucide expression vector. 
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111 a fourth aspect, the present invention provides a method for the 
production of a microorganism vector wUich contains recombinant peptide, 
polypeptide or protein but no recombinant DNA. comprising: 

(i) transforming said microorganism with a suicide expression vector 
5 according to the first aspect, 

(ii) culturing said transformed microorganism under suitable conditions for 
the expression of the said heterologous peptide, polypeptide or protein, and 

(iii) thereafter inducing expression of the restriction enzyme or functional 
portion thereof to bring about cleavage of the said suicide expression vector. 

IQ Preferably, the microorganism vector is intended for enviromental 

release in the applications of, for example, vaccine baits for sterilisation of 
vermin, vaccination against animal pathogens, compositions for 
bioremediation of contaminated soils and waste, and insecticidal 
compositions for crop spraying. In such applications, the heterologous 
15 peptide, polypeptide or protein contained in, or expressed on the surface of 
the microorganism may be, respectively, a zona pellucida or sperm or 
hormone antigen, bacterial, viral or parasite antigen, an esterase capable of 
hydrolysing organophosphates, and an insecticidal toxin such as Bt toxin. 
In a fifth aspect, the present invention provides a microorganism 
20 vector produced by the method according to the foinih aspect. 

The terms "comprise", "comprises" and "comprising" as used 
throughout the specification are intended to refer to the inclusion of a stated 
step, component or feature or group of steps, components or features with or 
without the inclusion of a further step, component or feature or group of 
25 steps, components or features. 

The invention will hereinafter be described by way of the following 
non-limiting examples and accompanying figures. 

Brief description of the accompanying figures: 

30 

FIGURE 1. PLASMID CONSTRUCTION. 

The genetic construction of the various plasniids used in this study is 
shown. Only the relevant segments of each plasmid are shown. The 
oligonucleotides (RBS numbers) used for each construct are shown in italics. 
35 Plasmid names are shown in a box. The abbreviations used include: MCS. 
multiple cloning site; paer. iron regulated aerobactin promoter: AinpR. 
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ampicilliu resistance gene: pT7, phage T7 promoter: pT3. phage T3 
promoter: pOmpA, E. coli outer membrane A promoter: plac. E. coli lactose 
operon promoter: lacO, E. coli lactose operon operator; lad. E. coli lactose 
operoii repressor. 

FIGURE 2. DEMONSTRATION OF FUNCTION OF }-Ppol IN E. coli. 

The plasmids pRBS 22 and pI3-941 were transformed into JM 109 
(DE3) and examined for self-restriction upon indnciion with IPTG. Two 
isolates of pI3-941 and one of pRBS22 in JM109 (DE3) were grown to ODnc, = 
10 0.5, induced with ImM IPTG for 1 hour and plasmid prepared by the alkaline 
lysis method. Plasmid profiles of uninduced and induced cultures are 
shown. The recombinant plasmid is indicated with an arrow. The molecular 
weight marker used is k Hindlll. 

15 FIGURES. SYNTHETIC RIBOZYME CONSTRUCT. 

The oligonucleotides RES 67a, 68. 69, 70, 71. 72 were used to construct 
the ribozyme genetic cassette. Ribozyme expression is under the control of 
ompA promoter and transcription is terminated at the T7 terminator. The 
ribozyme targets bases 345-369 of the l-Ppol intron 3 sequence (Muscarella et 
20 al. 1990). Restriction sites and other relevant regions are sho^vn below the 
DNA sequence. 

FIGURE 4. I-PpoI ACllVITY CONTROLLED WITH RIBOZYME. 

Four different isolates of pRBS 43 were transformed into JM109 (DE3) 
25 and examined for plasmid maintenance in the uninduced state and for 
self-restriction of plasmid upon induction. The cells were grown to 
ODooo = 0.5 and induced with ImM IPTG for 1 hour before plasmid was 
isolated from the cells. Plasmid profiles from uninduced and induced cells 
are shown. The molecular weight marker used is X Hind III and the plasmid 
30 band is indicated with an arrow. 

FIGURE 5. EFFECT OF GROWTH TEMPERATURE ON PLASMID 
SELF-RESTRICTION. 

Three independent isolates of recombinant JM109 (DE3) strain carrying 
35 plasmid pRBS 45 were grown to ODooo = 0.5 either al 37"C or 42"C and all 
cultures were induced at 37"C with ImM IPTG for 1 hour. Plasmid profiles 
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'for each culture are shown. The plasmid is indicated with an arrow. 
A. Hind III molecular weight marker is also shown. 

FIGURE G. EFFECT OF THE IRON-REGULATED PROMOTER (paer) ON 
PLASMID SELF-RESTRICTION. 

Six different isolates of pRBS 46 were transformed into ]M109 (DE3] 
and examined for self restriction of plasmid upon induction. The cells were 
grown to OD,KK, = 0.5 and induced with Imlvl IPTG for 1 hour before plasmid 
was isolated from the cells. Plasmid profiles of uninduced and induced 
cultures are shown. The molecular weight marker is X Hind III and the 
plasmid band is indicated with an arrow. 

FIGURE 7. EFFECT OF THE IRON-REGULATED PROMOTER (WITHOUT 
UP-STREAM PROMOTERS) ON PLASMID SELF-RESTRICTION. 

Six different isolates of pRBS 47 were transformed into JM109 {DE3) 
and examined for self-restriction of plasmid upon induction. The cells were 
grown to ODf,oo = 0.5 and induced with ImM IPTG for 1 hour before plasmid 
was isolated from the cells. Plasmid profiles from miinduced and induced 
cells are shown. The molecular weight marker X Hind III is shown and the 
plasmid band is indicated with an arrow. 

FIGURE 8. DEMONSTRATION OF EFFECTIVE SUICIDE PLASMID. 

Six different isolates of pRBS 48 were transformed into JM109 (DE3) 
and examined for self-restriction of plasmid upon induction. The cells were 
grown to ODo„(, = 0.5 and induced with ImM IPTG for 1 hour before plasmid 
was isolated from the cells. The molecular weight marker X Hind III is 
shown and the plasmid band is indicated with an arrow. 

FIGURES 9A TO 9F. OVERVIEW OF THE BASIC CONCEPT OF THE 
SUICIDE PLASMID FOR VACCINE AND/OR BIOREMEDIATION STRAINS. 

The complete concept is outlined in the figures OA to 9F which show 
the sequential steps involved in initially expressing large quantities of the 
recombinant protein followed by elimination of all recombinant DNA. 
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Desim for a suicide expression vector accprdins to the invention: 

A design for a preferred suicide expression vnclor according to the 
invention is shown diagi'aimnatically in Fig. 9A TO 9F. The expression 
5 vector includes the following elements: 

(i) foreign ("vaccine") antigen expressing gene cassette (including a 
constitutive or inducible promoter sequence), 

(ii) antibiotic or other resistance or selection marker. 

(iii) origin of replication. 

10 (iv) restriction enzyme gene (e.g.. I-Ppol) with an inducible gene expression 
promoter (e.g. T7 promoter sequence), 

(v) ribozyme catalytic region. 

(vi) an inducible promoter to express the I'ibozyme (e.g. ])aer promoter). 

(vii) a transcription terminator to terminate the niRNA transcript originating 
15 from the promoter mentioned in (vi), and 

(viii) one or more cloned intron-encoded restriction enzyme (e.g. l-Ppol] 
cleavage sites. 

EXAMPLE 1:- Bacierial vaccine transformed with a suicide expression 
20 vector. 

A recombinant suicide expression vector of the above design, carrying 
gene(s) encoding vaccine antigen(s), under the control of an in vitro inducible 
promoter is ti-ansformed into a bacterial vaccine delivery vector such as 
Salmonella typhimuiium aroA- by any of the methods well known to the art. 

25 The recombinant S. typhimuiium aroA- strain is induced to activate the 

promoter and express high levels of the vaccine antigen(s). Prior studies on 
the kinetics of vaccine antigen expression in the recombinant Salmonella 
would indicate the time required to achieve maximal expression of the 
vaccine antigen(s). The recombinant Salmonella woidd therefore be induced 

30 for the length of time required for maximal vaccine antigen expression. The 
growth media may also include an inducer for the promoter sequence 
controlling expression of a ribozyme catalytic region (e.g. the growth media 
would include 2',2-dipyridyl (an iron chelator) to induce expression of 
ribozyme from a ribozyme catalytic region under the control of the paer 

35 promoter. Addition of IPTG (isopropyl-p-thiogalactopyranoside) to the growth 
media would induce the placUVS controlled expression of the T7 RNA 
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polymerase protein from a T7 RNA polymerase gene preferably present on the 
suicide expression vector. Induced expression of the T7 RNA polymerase 
would be expected to overcome the repressing effect of the ribozyme on T7 
promoter driven expression of I-Ppol restriction enzyme and thereby lead to 
5 the expression of I-PpoI restriction enzyme to effect cleavage of the suicide 
expression vector. Additionally, it may be possible to repress paer promoter 
with the addition of FeCl, into the growth media. Such repression may 
decrease expression of the ribozyme to basal levels permitting greater I-PpoI 
activity. The Salmonella tvphimurium aroA- chromosome does not carry any 

10 I-PpoI sites. Once cleaved, the bacterial endogenous exonucleases would be 
expected to degrade the resulting hnear fragments of plasmid DNA. 

The kinetics of the loss of the suicide expression vector from the 
bacterial cells can be analysed to determine the time required for complete 
loss of expression vector DNA from the vaccine preparation. Simultaneous 

15 analyses can also be carried out to ensure that the vaccine antigen in the 

absence of any further expression following addition of IPTG is sufficient to 
elicit an effective immune response, 

The vaccine strain carrying maximal amounts of the vaccine antigen 
but completely devoid of recombinant expression vector DNA would then be 

20 ready for release into the environment e.g. in baits. 

EXAMPLE 2:- Expression of restriction enzyme l-Ppoh 

Materials and methods: 
25 Materials 

Plasmid pl3-g41 (Muscarella et. al, 1990) with the gene for the 

restriction enzyme l~Ppol was provided by the laboratory of Dr Vogt. 

Expression vector pET 21d was obtained from Novagen (Madison. WI.. 

U.S.A.), general molecular biology reagents were soiu'ced from Boehringer 
30 Mannheim. Promega and New England Biolabs and general laboratory 

reagents were from Sigma. E. coli sti-ain JM109 (DE3) (Yanisch-Perron et. al. 

1985) was purchased from Promega Corp.. (Madison. WI.. U.S.A.) and was 

used for the transformation of plasmid constructs. The strain carries 

chromosomally integrated bacteriophage lambda which carries the gene 
35 encoding T7 RNA polymerase. Salmonella typhimuiium aroA- strain H4335 

(Brahnibhatt ef. al, 1997) was used as a vaccine carrier strain. 
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Synthetic oligonucleotides used in PGR reactions were synthesised by 
Ransom Hill Bioscience Inc., (Ramona, CA,, U.S.A.) and are listed in Tablel. 
Pfu turbo was obtained from Stratagene. 
Methods 

All DNA manipulation experiments were performed as standard 
molecular biology techniques (Sambrook et.al.. 1989). 

Expression of l-Ppol from the plasmid constructs was determined by 
growing the bacterial cells harbouring the expression plasmid to ODfinn = 0.5 
and inducing with 1 mM IPTG for 1 to 3 hours. 

Genetic construction of ribozvme (Figure 3}: 

The oligos RBS 68. 69. 70 and 71 (Table 1) were pooled in equal 
amounts and diluted to give a final concentration of 50 ng/|.d of DNA. One 
microlitre of this pooled DNA was used as the template for PGR. The oligos 
RBS 67a and 72 (Table 1) were used as the PGR primers. The reaction 
consisted of 0.3 mM each dNTP, 0.8 |.iM of each PGR ])rimer. 50 ng of 
template DNA, 2.5 units of pfu turbo DNA polymerase and 4 mM MgS04 all in 
50 i-il of reaction buffer. The annealing temperature was 65"G for one 
minute, extension at 72"C was for 30 seconds and denaturation at 94"C for 
Imin. The PGR product was precipitated and digested withX/io I and Sal I 
and cloned into the vector pl3-941 prepared with the same enzymes. The 
resulting vector was called pRBS 43 and was confirmed by digestion withX/io 
I and Sal I together and with Bgl 11 alone. 

Results: 

Demonstration that 1-Ppol does not cleave E. coli & S. tvphimuiium 
chromosomal DNA. 

Ghromosomal DNA was prepared from a variety of E. coli and 
Salmonella strains and incubated in vitro with purchased enzyme l-Ppol. The 
same DNAs were also incubated with other restriction enzymes e.g. EcoR I, 
Not I, Xba I and Hind III. All incubations were carried out in the provided 
incubation buffer. The DNAs were analysed by agarose gel electrophoresis 
and ethidium bromide staining (data not shown). I'he results clearly showed 
that there were no cleavage sites for I-PpoI in the E. coli and Salmonella 
chromosomes. This is significant since if the chromosome contains the I-PpoI 
site then the concept of suicide plasmid would not he applicable since 
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cytoplasmic expression of 1-Ppol would be deleterious to the viability of the 
carrier strain to be used as a vaccine or for environmental bioreniediation. 

Plasmid Construction and analysis of l-Ppol function in reconibinant E. coli. 
5 Plasmid pI3-941 (Fig. 1) carries the l-Ppol restriction enzyme encoding 

gene and the enzyme is expressed luider the control of the T7 promoter. As a 
first step, it was necessary to determine the following: 
(!) Is the eucaryotic l-Ppol restriction enzyme functicjnal in procarvolic 
Gram-negative bacteria such as E. coli. 
10 (2) If the I-PpoI enzyme does cleave plasmid DNA carrying the l-Ppol 
recognition site, then do the endogenous E. coli exo- and/or 
endo-nucleases digest the recombinant plasmid. 
(3) If (1) and (2) are achieved, then would the recombinant plasmid cleavage 
be sufficient to completely eliminate recombinant DNA from the bacterial 
15 cell, 

To answer the above questions the following set of recombinant 
plasmids were constructed and analysed for self-restriction and cellular 
plasmid maintenance in the uninduced and induced (for I-PpoI expression) 
state. 

20 The I-PpoI restriction enzyme cleavage site was initially cloned into 

plasmid pl3-g41 to give plasmid pRBS 22. To accomplish this, plasmid 
pI3-941 was cleaved withJQio I. end-filled with T4 DNA polymerase, 
phosphatased and ligated to annealed, Sma I cleaved oligos RBS 3 and RBS 4. 
The resulting plasmid pRBS 22 (Fig. 1) carries the I-Ppol restriction enzyme 

25 site harboured in the synthetic oligonucleotide insert DNA. 

Both plasmids (pl3-941 and pRBS 22) were transformed into the host 
strain JM109 (DE3) for analysis of expression of the I-PpoI enzyme from the 
T7 promoter. Agarose gel analysis of plasmid profiles from the recombinant 
strains revealed (Fig. 2) that even in the uninduced state the plasmid pRBS 22 

30 was eliminated to such low levels that it was not readily visible by ethidium 
bromide staining. This data indicated that the eucaryotic I-PpoI restriction 
enzyme is functional in the cytoplasm of procaryotic E. coli. The enzyme 
activity is very high and hence even residual (leaky) expression of I-PpoI from 
the T7 promoter is sufficient to cleave the recombinant plasmid. The data 

35 also demonstrates that once I-PpoI cleavage occurs, the E. coli endogenous 
nucleases are able to completely eliminate the recombinant plasmid. 
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The data indicales that stringent repression of the promoter is desirable 
to maintain the plasmid in the cell in the uninduced state which is required 
to ensure that recombinant DNA gene product(s] are ex}nessed to high levels 
before elimination of recombinant DNA. Thus, wilh a desire lo fully repress 
5 promoter expression in the uninduced plasmid. it was hypothesised that the 
use of a ribozyme (anti-sense catalytic RNA). expressed al low to medimn 
levels, that targets the l-Ppol mRNA, may reduce enzyme expression to a level 
where the plasmid is stable but still allows self-resiriction upon high level 
induction of expressioii of I-PpoL 

10 A synthetic DNA sequence was designed (Fig. 3. SEQ ID NO. 11) 

which carries the ribozyme catalytic DNA sequence which targets the I-PpoI 
intron 3 sequence at position 345bp - 369bp. It also carries the I-PpoI 
cleavage site and the ribozyme expression is under Ihe control of the 
constitutive OmpA promoter. Transcription of the ribozyme is terminated at 

15 the T7 terminator. The entire gene cassette was synthesised with 

oligonucleotides as described in "Methods". The resulting plasmid pRBS 43 
was transformed into the host strain JM109 (DE3) and tested for stability and 
self-restriction. Upon induction with 1 niM IPTG for 1 hoin- some plasmid is 
lost (Fig. 4). Of particular significance is that in the uninduced state there 

20 was a large amount of plasmid present which contrasts with that seen with 
the vector pRBS 22. This data indicates that the presence of the ribozyme 
does stabilise the plasmid. reducing the level of expression of the I-PpoI 
enzyme in the vminduced state. 

Two plausible reasons for the limited self-res hiction of the plasmid 

25 upon induction may be: 

(1) The I-PpoI restriction site is adjacent to the OmpA promoter and hence 
the constitutive niRNA transcription from the promoter may sterically 
hinder the I-Fpol restiiction enzyme from binding to the cleavage site. 

(2) The OmpA promoter being a medium-level and constitutive promoter 
30 may result in excessive levels of the ribozyme which may result in 

minimal quantities of I-PpoI mRNA that could be translated into active 
enzyme. 

To test the above two hypotheses, two different plasmids were 
constructed. To test hypothesis (1), an additional J-Ppol restriction site was 
35 cloned upstream of the T7 promoter in plasmid pRBS 43 to give plasmid 

pRBS 45 (Fig. 1) to determine if pOinpA-distal location of the I-PpoI site may 
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enhance I-Ppol binding and cleavage. To accomplish this, the plasmid pRBS 
43 was digested with Ssp I. CIP treated and ligated to the l-Ppol site fragment 
generated by annealing and cleavage with Snia I of oligos RBS 3 and RBS 4 
(Table 1). This resulted in plasmid pRBS 45. 

For hypothesis (2), the OmpA promoter in plasmid pRBS 43 was 
replaced with a part of the iron regulated aerobactin promoter designated p 
aer ( Bindereif and Neilands, 1985). This promoter is normally expressed at 
basal levels and is induced to higher expression under iron limiting 
conditions. In-vitro, such conditions are achieved by the addition of 200uM 
2-,2-Dipyridyl (iron chelator) to the growth media. Tills plasmid was 
designated pRBS 46 (Fig. 1). The cloning was carried out by PGR amplifying 
paer from plasmid pHBl70 with oligos RBS 87 and RBS 88 (Table 1). 
cleavage with Bgl II and Xho I and cloning the fragment into the respective 
sites of plasmid pRBS 43. 

Both plasmids were transformed into host strain JM109 (DE3) and 
examined for plasmid maintenance under uninduced conditions and 
self-digestion following induction of I-PpoI expression. 

Initial experiments showed that plasmid pRBS 45 was rapidly digested 
even in the uninduced state suggesting that either the distal location or the 
additional I-PpoI site on the plasmid results in rapid plasmid cleavage. It has 
been previously established that ribozymes are more active at higher 
temperature and our previous experiments had established that I-PpoI 
activity is reduced at 42"C. An experiment was thei'efore conducted to 
determine if the plasmid could be maintained in the cell under uninduced 
conditions due to the partial inactivation of I-PpoI and greater activity of the 
ribozyme. The recombinant cultures were grown initially at either 3/'C or 
42"C and uninduced and induced (for I-PpoI expression) plasmid profiles 
were analysed as shown in Fig. 5. The data revealed that at 42"C, the 
recombinant plasmid was maintained in the cell presumably due to the 
combined effects of partial inactivation of I-PpoI and greater activity of the 
ribozyme at the higher temperature. Upon induction at 37"C. a significant 
amount of plasmid is self-restricted. Although the data is interesting, it does 
not allow a practical application for the suicide plasmid in bacterial strains 
either for vaccines or bioremediation. The growth al 42"C is also unsuitable 
since prolonged growth at such higher temperatures may be detrimental for 
the survival of the carrier micro-organisms. For tlie development of strains 
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for bioremediation. the higher temperature may also adversely affect the 
activity of the enzymes used to target the toxic waste. 

Plasmid cleavage of pRBS 46 (Fig. 6) was similar to that of pRBS 43 
(Fig. 2) suggesting that although the paer promoter (pRBS 46) can be 
5 repressed unlike the pOmpA (pRBS 43). both promoters express sufficient 
ribozyme to inhibit plasmid cleavage. 

There are at least two plausible reasons for the above observations: 

(1) Upstream of pOmpA [pRBS 43) and paer (pRBS 46). is located the strong 
promoter plac. It may be possible that this promoter may override 

10 pOmpA or paer thereby expressing more ribozyme. 

(2) Although pOmpA is replaced with paer in plasmid pRBS 46, the plasmid 
does not cari^ the distal l-Ppol site and hence it is still possible that the 
paermRNA transcript may sterically hinder the binding of I-PpoI to the 
promoter proximal l-Ppol site. 

15 To address the above two possibilities, an additional two plasmids 

were constructed namely pRBS 47 and pRBS 48 {Fig. 1). 

To eliminate the potential over-riding effect of piac. the Xba I / Xho I 
insert DNA in pRBS 46 was cloned into the respective sites of plasmid 
pET-2ld to give plasmid pRBS 47. This plasmid does not carry additional 
20 promoters upstream of the Xlio I site and hence the ribozyme should be 
expressed solely under paer. Six independent isolates were grown and 
plasmid profiles from uninduced and induced (ImM IPTG for 1 hr.) 
recombinant cells were analysed by agarose electrophoresis (Fig. 7). The 
results demonstrated that the plasmid was well maintained in the cells and 
25 there was no evidence of self-restriction. This data along with that observed 
(described above) for plasmids pRBS 43 and pRBS 46 indicates that the 
strength of the promoter expressing the ribozyme is not a critical factor in 
achieving plasmid self-restriction. 

To test hypothesis (2) described above, an additional l-Ppol restriction 
30 site was cloned distal to the promoter-proximal site. This was achieved by 
anneaUng oligonucleotides RBS 3 and RBS 4 (Table 1) (generates an l-Ppol 
site), cleaving with Sma I and cloning it into the unique PshAl (Fig. 1) site of 
plasmid pRBS 47 to result in plasmid pRBS 48 (Fig. 1). Six independent 
isolates were grown and plasmid profiles from uninduced and induced (ImM 
35 IPTG for 1 hr.) recombinant cells were analysed by agarose electrophoresis 
(Fig. 8). The results clearly demonstrate effective plasmid maintenance in 
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uninduced cells and almost complete plasmid self-j estriclion upon induction 
of I-Ppol expression. 

The above data establishes the viability and utility of the suicide 
expression vector of the present invention, by showing that: 

(1) The eucaryotic restriction enzyme 1-Ppol does not cleave E. coli and 
Salmonella typhimurium chromosomes hence such an enzyme if 
expressed in the bacterial cytoplasm will not be deleterious to the 
viability of the bacterial cell. 

(2) I-PpoI can be expressed in the bacterial cytoplasm using either the T7 
promoter or ideally any other repressible bacterial promoter. 

(3) l-Ppol is active in the procaryotic bacterial cell and is able to cleave 
recombinant plasmid harboured 1-Ppol restriction site{s). 

(4) Once l-Ppol cleaves the recombinant plasmid endogenous bacterial 
nucleases rapidly eliminate the plasmid DNA, 

(5) Since most bacterial promoters are "leaky" for expression, the ribozyme 
technology can be used to cleave I-Ppol niRNA under non-induced 
conditions. This property is useful for plasmid maintenance in the cell 
during the process of plasmid-borne recombinant foreign antigen 
expression. 

(6) The ribozyme can be expressed using an inducilsle promoter like paer 
since it may be possible to modulate the amount of ribozyme produced. 

(7) The l-Ppol site should ideally be located at a site distal to any promoter 
since promoter transcription may sterically hinder I-PpoI binding to the 
recognition site. 

It will be appreciated by persons skilled in the art that numerous 
variations and/or modifications may be made to the invention as shown in the 
specific embodiments without departing from the spirit or scope of the 
invention as broadly described. The present embodiments are. therefore, to 
be considered in all respects as illush'ative and not restrictive. 
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SEQUENCE LISTING 

<110> Co:nmonv7ealth Scientific and Industrial RRsearch 
The Australian National University 

Agriculture Protection Board of VJestern Australia and 
Department of Conservation and Land Management 

<120> Suicide expression vector for use in vaccine str 

<130> 91357 

<140> 
<141> 

<160> 11 

<170> Patentin Ver. 2.0 

SEQ ID NO: 1 
<211> 34 
<212> DNA 

<213> Synthetic sequence 
<400> 1 

agctcccggg ctctcttaag gtagcccggg agct 

SEQ ID NO: 2 
<211> 34 
<212> DNA 

<2I3> Synthetic sequence 
<400> 2 

agctcccggg ctaccttaag agagcccggg agct 

SEQ ID NO: 3 
<211> 32 
<212> DNA 

<213> Synthetic sequence 
<400> 3 

gaatcctcga ggagttcaca ttgtaagttt tc 

SEQ ID NO: 4 
<211> 49 
<212> DNA 

<213> Synthetic sequence 
<400> 4 

aagagagatc tagtctacaa cgtagttgaa aacttacaat gtgaactcc 

SEQ ID NO: 5 
<211> 48 
<212> DNA 

<213> Synthetic sequence 
<400> 5 

agactagatc tctcttaagg tagcttgtcg tctagtctga tgagtccg 
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SEQ ID NO: 6 
<211> 48 
<212> DNA 

<213> Synthetic sequence 
<400> 6 

aggggttatg tgtgctggga gtttcgtcct cacggactca tcaqacta 48 

SEQ ID NO: 7 
<211> 49 
<212> DNA 

<213> Synthetic sequence 
<400> 1 

agcacacata accccttggg gcctctaaac gggtcttgag ggatttttg 49 

SEQ ID NO: 8 
<211> 30 
<212> DNA 

<213> Synthetic sequence 
<400> 8 

gacttgtcga caaaaacccc tcaagacccg 30 

SEQ ID NO: 9 
<211> 30 
<212> DNA 

<213> Synthetic sequence 
<400> 9 

gatcatctcg agcgccatat cctcccagag 30 

SEQ ID NO: 10 
<211> 30 
<212> DNA 

<213> Synthetic sequence 
<400> 10 

gatcatagat ctacacagta aaataataac 30 

SEQ ID NO: 11 
<211> 166 
<212> DNA 

<213> Synthetic sequence 
<400> 11 

gaatcctcga ggagttcaca ttgtaagttt tcaactacgt tgtagactag atctctctta 60 
aggtagcttg tcgtctagtc tgatgagtcc gtgaggacga aactcccagc acacataacc 120 
ccttggggcc tctaaacggg tcttgagggg tttttgtcga caagtc 166 
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Claims; 

1. A suicide expression vector for expressing a heterologous peptide, 
polypeptide or protein in a selected host cell, said vector comprising: 

(i) a first nucleotide sequence encoding said heterologous peptide, 
polypeptide or protein operably linked to a first promoter sequence. 

(ii) a second nucleotide sequence encoding a restriction enzyme or 
fmactional portion thereof operably linked to a second promoter sequence, 
said second promoter sequence being inducible, and 

(iii) one or more cleavage site(s) for said restriction enzyme or functional 
portion thereof, said cleavage site(s) being absent from the chromosomal 
DNA of said host cell. 

wherein upon introduction of the vector into said host cell, induced 
expression of the restriction enzyme or functional portion thereof from said 
second nucleotide sequence brings about the cleavage of the suicide 
expression vector. 

2. A vector according to claim 1, wherein the first nucleotide sequence 
encodes an antigen, enzyme or toxin. 

3. A vector according to claim 2, wherein the fii-st nucleotide sequence 
encodes a contraceptive antigen. 

4. A vector according to claim 2, wherein the first nucleotide sequence 
encodes an esterase capable of hydrolysing organophosphates. 

5. A vector according to claim 2, wherein the first nucleotide sequence 
encodes an insecticidal toxin. 

6. A vector according to any one of tlie preceding claims, wherein the 
second nucleotide sequence encodes a restriction enzyme or functional 
portion thereof that recognise a cleavage site(s) of ten or more nucleotides. 

7. A vector according to claim 6, wherein the second nucleotide 
sequence encodes a restriction enzyme selected from the group consisting ( 
1-PpoI, l-Ceul, Fl-Pspl. Pl-Tlil and Pl-Scel. 
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8. A vector according to any one of the preceding claims, wherein the 
one or more cleavage site(s) is/are located at a site(s] on the vector which 
avoids steric hindrance of binding by said restriction enzyme or fimclional 
portion thereof. 

9. A vector according to any one of the preceding claims, further 
comprising a third nucleotide sequence encoding a ribozyme targetted 
against mRNA produced from the said second nucleotide sequence encoding 
the restriction enzyme or functional portion thereof. 

10. A vector according to any one of the preceding claims, wherein the 
second promoter is selected from the group consisting of the placZ 
promoter, the placUVS promoter and the T7 RNA polymerase promoter. 

11. A vector according to claim 10, wherein the second promoter is the T7 
RNA polymerase promoter. 

12. A vector according to claim 11, further comprising an additional 
nucleotide sequence encoding T7 RNA polymerase operably linked to a 
third promoter sequence, said third promoter sequence being inducible. 

13. A host cell transformed with a suicide expression vector according to 
any one of the preceding claims. 

14. A host cell according to claim 13, wherein said host cell is a 
bacterium or yeast. 

15. A method of expressing a heterologous peptide, polypeptide or protein 
in a selected host cell, comprising; 

(i) transforming said host cell with a suicide expression vector according to 
any one of claims 1 to 12, 

(ii) culturing said transformed host cell imder suitable conditions for the 
expression of the said heterologous peptide, polypeptide or protein, and 

(iii) thereafter inducing expression of the restriction enzyme or functional 
portion thereof to bring about cleavage of the said suicide expression vector. 
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IG. A method according to claim 15. wherein the host cell is a bacterimii 
or yeast. 

17. A method for the production of a microorganism vector which 
contains recombinant peptide, polypeptide or protein but no recombinant 
DNA, comprising; 

(i) transforming said microorganism with a suicide expression vector 
according to any one of claims 1 to 12, 

(ii) culturing said transformed microorganism under suitable conditions for 
the expression of the said heterologous peptide, polypeptide or protein, and 

(iii) thereafter inducing expression of the restriction enzyme or functional 
portion thereof to bring about cleavage of the said suicide expression vector. 

18. A metliod according to claim 17, wherein the microorganism is a 
bacteritun or yeast. 

19. A microorganism vector produced by the method according to claim 
17 or 18. 
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FIGURE 9-CONTINUED 
C 



REPRESS rROMOTBR'Y" tWHlIIT RliOZYMl] * WDUCI PROMOTER "X" TO EXPRESS I.|)h)L 



CHROMOSOME 



V 



Inducible gene 

ejqxcttkm Pioinoter Induced by conqpound 



I-Pi»I she 




Vacdae «ndfen 
geiie(B) or enzy]ae<s) 



Indudbk 
Proontor 
e.g. potn 
Induced by compound "Y" 



I'Fpol ENZYME CLEAVES AT ALL ^PpoI SITES ON THE PLASMID. 

CHROMOSOME 



4- 4-^ 



Cleaves I«PpoI site 



\4*pol site 



V 




Vsccine antigen 
geiH(i)oreit7nie(s) 
forbtoRstaedittioa 



Pnunotet 
e.|.|kifr. 
Induced by compound "Y" 



09/530772. 

PCT/AU98/00930 



11/11 



FIGURE 9-CONTINUED 



E 



RBCOMUNAMT PIASMID IS NICKID. IN0OG1N0USNUCLKASI8 CLIAVI FROM NICKIO INDS. 




CHROMOSOME ^ ^ ^ 
I-Ppol ititriction 

snzvme ' / 



Bnlogenmu 




Indudbk 
Promoter 
e.g. patr. 

Induced by con^und "Y" 



Vacdneutigen 
Sene(a) ocet!2yini:(s) 
forbiorenvediation 

*** * 



If 



v 



RECOMBINANT PLASMID IS COMPLITELY EUMINATKD BUT THl OtLLS STILL CARRY 
SUmCtEKT FOREIGN ANTIGEN. THE STRAIN CAN BE RELEASED AS A VACCINE OR FOR 
BIOREMElHATtON SINCE IT IS NO LONGER CONSIDERED AS "GENETICALLY ENGINEERED" 



CHROMOSOME 



****** 



Docket No.: (30179-080} 

DECLAXIATION AND POWER OF ATTORNEY 



As tlie below named iiiveiitors, we liereby declaie tliat: 

Our jesidence, post office and ciUzensMp axe as stated below next to our names, 

We believe we are on original, first and joint inventor [if plmal names are listed below) of the 
subject matter claimed and for wllicli a patent is sought on the invention entitled Suicjdo 
expression vedor for use in vaccine strains , tlie specification of which 

[ j is attached hereto [X] was filed on 0 November, 1998 as Application Serial 

No, 09/530,772 and was amended on (if applicable). 

We hereby stale lljat we have reviewed and undex'stand the contents of tlis above identifiGd 
spBcificalion, including llxe claimSj as amended by any aniendtncjit referred to above. 

We acknowledge the duty to disclose information which is known to us to be material to 
patentability in accordance w;i,tli Title 37, Code of Federal Regulations, Section 1.5©. 

We hereby claim foreign priority benefits under Title 35, Uixited StaLes Code, Section 119(a)-(d) 
or Section 365(b) of any foreign application(s) for pfitent or inventor's certificate, or Section 
365(a] of any PCT internafcioiia,l application which designated at least one country other than 
the United Stales, listed below and have also identified below any foreign application for patent 
or inventor's certificate having a filing date before that of the application on which priority is 
claimed; 

Prior Foreign Application's): Priority Clsumed 

Numbe r Country Dav/Montfa/Y«3ar filed Yes No 

PP0215 Austraha 06/11/1997 X 

We h«sreby claim the benefit under 35 USG §119(e) of any United States proviaional 
application(s) listed below. 

Prior Provisional Applicatiou(s): 
i ^pplication Number Filing Date 



We hereby claim tlie benefit tmdex Title 35, United States Code, Section 120 of any United 
Slates apphcation(s), or Section 3B5(c) of any PCT international application designating the 
United States, listed below and, insofar as the subject matter of each of tlie claims of this 
application is not disclosed in the prior United States or PCT international application in tlie 
manner provided by the first paragraph of Title 35, United States Code, Section 112, I 
acknowledge tiie duty lo disclose material information as defined in Title 37, Code of Federal 
Regulations, Section 1.S6 which occui'ied between the filing date of the prior application and 
Ihe national or PCT intexTnational filing date of diis application. 

Prior U.S. ApplicaU.oii(s): 

Serial No. riling Dgle Status: Patented, Pending, Abandoned 



.../2 



30/06 '00 13:17 FAS 613 9663 3099 F.B. RICE & Co, ilO04 



Wb hereby declare that all statements m^de Ixevein of oui o-wn knowledge are true and that all 
statemanta made on infonaQtion and belief are believed to be true; and further that these 
statements were made with the knowledge ihaX wiUfTiI false statements and tlie like so made are 
punishable by fine or imprisonment, or both, imder Section 1001 of Title 18 of the United 
States Code and that such willful false slatemenls may jeopardize the validity of the application 
or any patent issued tliereon. 

We hereby appoint the following attorney(s] and/or agent(s): Edward A, Becker, Reg. No. 
37,777; Stephen A. Becker, Reg. No. 26,527; John G. BisbiHs, Reg. No. 37,095; Kenneth L. Cage, 
Reg. No, 26151: Stephen C. Carlson. Reg. No. 39,929; Paul Devinsky, Reg. No. 28.553; Lam-a A. 
Donnelly, Reg. No. 38,435; Margai-et M. Duncan, Reg. No. 30,879; Brian E- Ferguson, Reg. No. 
36,801; Michael F. Fogarty, Reg. No. 36,139; Wilhelm F. Gadiano, Reg. No. 37,135; Keith E- 
George, Reg. No. 34.111; John A. Haiildns, Reg. No. 32,029; Thomas A, Jolly. Reg. No. 39,_241; 
Eric J. Ktaus. Reg- No. 36, 190^ Edward F. Kubasiewicz, Reg. No. 30,020; Robert E. LeBlanc, Reg, 
No. 17,219; Jack Q. Lever, Reg. No. 28,149; Raphael V. Lupo, Reg. No. . .28,363; Christine F. 
Martin, Reg. No. 39^762; Michael E. McCabe, Jr., Reg. No. 37,182: James H. Meadows, Reg. No. 
33,935j Michael A, Messina, Reg. No. 33,424; Joseph H. PaqXiin. Jr., Reg. No. 31,647; Craig L. 
Plastrik.. Reg. No. 41,254; Robert L. Price, Reg, No. 22,685; Paul A. Roberts, Reg. No. mX&B; 
Gene Z. Rubinson, Reg. No. 33,351; Joy Ann G,. Serauskas. Reg. No. 27.952, Miclxele M- 
Schafer, Reg. No. .34,717; David J, Serbin, Reg. No. 30,589; Glerm Snyder, Reg. No. 41,428;. 
i^^thur J. Steiner, Reg. No. 26,106; David L. Steweurt, Reg. No, 37,578; Leonid D. Tbenois Reg, 
No- 39'397j Keidi J. Townsend, Reg. No. 40,358; Leon R. Turkevich, Reg. No. 34,035; 
Christopher D. Ward, Reg. No. 41.367i Damian G. Wasserbauer, Reg. No. 34,749^ Aaron 
Weisstiich, Reg. no. P41,5.57; Edward J. Wise, Reg. No. 34,523; Alexander V. Yampolsky, Reg. 
No.^36,32.4; and Robert W- Zelnick, Reg. No. 36,976 all of 

McDERMOTT, WILL & E MERY 
99 Canal Ceulev Plajiii, Su Ue 300 
Alexandria, Virgi nia 22314 

mtlr full power of substitution and revocation, to prosecute this application and lo transact all 
business in the patent and Trademark Office connected therewith, and all fature 
correspondence should be addressed to them. 



Full name of inventor: BRAHMBHATT. mmanshu. N 

I nventor's signature; ^^^^^^LJXait Date: -jJ / r/o'^ 

Residence: 96 Prairie Vale Road. Bossley Park. New South Wales, 2176, Australia A m x . 

Citizenship : Australia 

Post Office Address: 95 Prairie Vale Road, Bossley Park, New South Wales. 2178, Australia 
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F.B. RICE & Co. 
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'2,- Full name of inventQr: SEYMOUR. Robert, jS . 

Inventor's signature; f^yW^ Date: / S/qO 

FLesidence: 1/14 Newline Road, West PeimaTrt Hills, New South Wales. 2j2S, Australia A ^ ( >: 

Citizenship: Australia 

Post Office Address: 1/14 Newline Road, West Pennant Hills, New South Wales. 2125, Australia 

X, <~ r- Full name of inventor: gIRD. Peieir, H. 



Inventor's signature; "7^^.^ — — --^ 


Date: //^ / //^^ 


Residence; Unit 4, 52 Ormond Street. Turner, 


Australian Capital Territoir. 2601. Australia i \ X 


Citizenship: Australia 



.Post Office Address: Unit 4, 52 Ormond Street. Turner, Australian Capital Territory. 2601. Australia 

Full name of inventor: BrKijLEY. Ma rkJP. 

Inventor's signature; Date: "7.^^ 

627/99 Jo-ae./ Scr^Le, Ultimo, New South Wales, 2007, Australl; 
Residence: 109 Hcmv Street. Mordwothor. Now South Waloc. 2391, Auotralia 



Citizenship: AuaCfalia K)^tO TSiALAtJb 



627/99 Jones Street, Ultimo, New South Wales, 2007, Australia 
Post Office Address: l OO Henry Street, Mcrcwcther, Ncvt^^uih W al cM, 2291. Australia 
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